, and for the menstruating women 23-5 (5-5 to 65-9) mg./100 g. dry weight. The mean value for the women was significantly lower than the mean value for the men. There was a significant correlation between the histochemical grades of iron and chemically determined nonhaemin iron, but the degree of overlapping was considerable.
Most authors consider that the pathogenic mechanism in idiopathic haemochromatosis is an inherited abnormality of iron metabolism resulting in increased iron absorption from normal dietary iron (Sheldon, 1927; 1935) . To demonstrate the validity of this concept several authors have studied asymptomatic relatives of patients with haemochromatosis and found an increased frequency of histochemically visible iron in liver biopsy specimens (Bothwell, Cohen, Abrahams, and Perold, 1959; Brick, 1961; Frey, Milne, Johnson, and Ebaugh, 1961; Williams, Scheuer, and Sherlock, 1962; Johnson and Frey, 1962; Balcerzak, Westerman, Lee, and Doyle, 1966) . Some of these authors regarded even the presence of small amounts of stainable iron in parenchymal liver cells as a criterion. MacDonald and his associates, however, have advanced the concept that idiopathic haemochromatosis is a variant of portal cirrhosis with iron overload resulting from excess dietary iron ingested, particularly in the form of wine (MacDonald, 1961; . MacDonald also points out that the Received for publication 24 May 1967. significance of stainable iron in liver biopsy specimens from relatives of patients with haemochromatosis is hard to evaluate since controls are lacking.
Data about the histochemical and chemical content of liver iron reported during the last years (MacDonald, Becker, and Pechet, 1963; MacDonald, 1964; Isacson Seftel, Keeley, and Bothwell, 1961; French, Pechet, Levy, and MacDonald, 1965) derive from necropsies of patients with various illnesses, and factors affecting the size of iron stores, such as blood loss, oral or parenteral iron administration, blood transfusions, or anaemia not due to iron deficiency could not always be evaluated. Furthermore due distinction was not made between men and between menstruating and non-menstruating women. It is, however, of prime importance to pay attention to the difference between sexes when cases of presumed iron overload are compared with controls (Weinfeld, 1964) .
The aim of this study is to give an account of the histochemical and chemical iron in surgical liver biopsy specimens of healthy individuals from the area of Goteborg, Sweden.
MATERIAL AND METHODS
The subjects included in this study were essentially healthy and had no history of unphysiological blood loss. Their diet was the average one of this country containing 12 to 15 mg. of iron a day at a high caloric intake. They had never had blood transfusions or parenteral injections of colloidal iron. Some of the women had received oral iron during several months of pregnancy. There was no abuse of alcohol and the consumption of wine was low in all the subjects examined. The lower limit for haemoglobin concentration for men was 13-5 g. per 100 ml. and for women 115 g. per 100 ml., and no haematological abnormalities were found. They were admitted to the surgical department of the hospital for either uncomplicated cholelithiasis or uncomplicated gastric ulcer. At the time of operation no subject had signs of infection. All cases examined who fulfilled the above criterias were included in the study with the exception of those who at histological examination revealed pathological changes of liver architecture.
The series comprised 43 adults, 27 men and 10 postmenopausal and six menstruating women (Tables I and  II) .
The liver biopsy specimen was taken at the start of operation, and usually weighed 0 5 to 1 0 g. Acid-washed utensils, iron-free water, and reagents of analytical purity were used throughout the study.
A representative piece of the biopsy specimen was fixed in neutral 10% formaldehyde, embedded in paraffin, and sections cut at 3, which were subsequently stained for haemosiderin with potassium ferrocyanide according to the modification of Hutchison (1953) . Iron was graded on an arbitrary scale of 0 to 4+, essentially in the same way as previously described for bone marrow sections (Lundin, Persson, and Weinfeld, 1964 POST MENOP. MENSTRUATING WOMEN in the liver was 80-2 ± 9-6 mg./100 g. dry weight with a range of 19-4 to 227T0 mg./100 g. (Table I and Fig. 3) . If the highest value of subject G.G., which differed from the normal range of this group, is eliminated, the mean value would be 73-5 + 7 2 mg./100 g. dry weight. The mean value of the 11 subjects who had a cholecystopathy (78-4 ± 17-2) was not different from the mean of the 12 subjects who had uncomplicated gastric ulcer (81-9 ± 10-4). The mean concentration of ferritin iron (watersoluble iron) was 47 8 mg./100 g. dry weight and the range 10-8 to 174-4. The mean haemosiderin iron concentration was 33 0 mg./100 g. dry weight with a range of 8-6 to 60-7.
The mean total nonhaemin iron concentration of the non-menstruating women was 50 7 ± 11-5 mg./ 100 g. dry weight with a range of 19-3 to 106-6. The mean ferritin iron concentration was 35-2 and ranged from 19-3 to 64-3. The mean haemosiderin iron concentration was 15 5 with a range of 0-2 to 423 mg./100 g. the group of menstruating women was 23-5 ± 7 9 mg./100 g. dry weight with a range of 5-5 to 65-9. The mean ferritin iron concentration was 17-9 with a range of 4-6 to 44-3. The mean haemosiderin iron concentration was 5-6 with a range of 0 0 to 21 6 mg./100 g. The mean total nonhaemin iron concentration for both groups of women was 37-1 ± 7-7 mg./100 g. dry weight and was significantly lower than the mean value of the males.
RELATION BETWEEN IRON ESTIMATED HISTOCHEMICALLY
AND NONHAEMIN IRON DETERMINED CHEMICALLY As shown in Fig. 4 , the mean total nonhaemin iron concentration increased as the amount of histochemically demonstrable iron in parenchymal liver iron concentration and histochemically stainable iron in parenchymal cells increased. The difference between the mean of the group in which stainable iron was not demonstrable and that of the group in which at least grade 1+ of stainable iron was found was significant (Table III) . Grade 2+ of stainable iron in parenchymal cells was the most frequent finding in the male group and in the postmenopausal group. The mean total nonhaemin iron concentration of livers with 2 + of stainable iron was similar to the mean of the male group.
The range of values found chemically for each of the histochemical gradings was, however, large and overlapped considerably with the values in the other gradings. The practical conclusion which can be drawn from a histochemical examination in the individual case is that if there is a grade 2 + or more of stainable iron in the parenchymal cells, the total nonhaemin iron concentration will probably be higher than the range of nonhaemin iron concentration encountered in the histochemical group with grade 0. (10-9-60 7) 51-9 ± 58 (34-8-73 4) Early workers in pathology distinguished between haemosiderosis in which the iron is primarily located in the reticuloendothelial cells and haemochromatosis in which the iron is mainly present in parenchymal cells. Some authors still regard the presence of haemosiderin in parenchymal liver cells as a pathological finding caused either by intrinsic group.bmj.com on December 29, 2017 -Published by http://jcp.bmj.com/ Downloaded from liver disease or iron storage disease (Masshof, 1954; Kautzsch, 1959 Since our controls show a large range of nonhaemin iron concentrations in the liver and the histological estimations an appreciable degree of overlapping with the chemical values, it seems unlikely that a moderate deviation from normal in relatives of haemochromatotics could be demonstrated histochemically. We suggest that familial studies of haemochromatosis should be extended by chemical determinations of nonhaemin iron in needle biopsy specimens, determinations of desferrioxamine-induced urinary iron excretion (desferal test), and iron absorption studies in relation to the iron stores (Balcerzak et al., 1966) .
Histochemical studies of liver iron by different authors have given varying results. Thus Zimmerman, Chomet, Kulesh, and McWhorter (1961) in Chicago and Scheuer, Williams, and Muir (1962) in London found stainable iron in about 15% of consecutive liver biopsy specimens. However, Pechet and MacDonald (1962) in Boston and MacDonald et al. (1963) in Johannesburg found parenchymal liver iron in about 60% of unselected necropsies without liver disease. The nature of these discrepancies does not need to be geographical, it might depend entirely on a heterogeneity of the materials studied. For evaluation of the normal range of histochemically visible iron in the liver all factors which might alter a normal iron balance must be considered, and it should be remembered that iron stores are rebuilt slowly and that results can therefore be influenced by blood losses which occurred years before the investigation.
